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INTRODUCTION.
The object of this thesis was to design and perfect a gage
that could be used in connection with the Pi tot Tube in measuring
the velocity of water through pipes- Professor F. B. Sanborn,
under whom the thesis has been taken, has already designed and
perfected and inetrurjent, called the nozzle piezometer, that meas-
ures the velocity of water from nozzles; and it was his suggestion
that some device be developed that would enable a form of Pi tot
Tube to be inserted at any place along a line of pipe and the vel-
ocity of flow be directly shown. Although the Pi tot Tvibe has been
used successfully to measure the velocity of flow in pipes, it has
not been developed in a commercial form. This has been largely to
the lack of a suitable recording device. Our problem has been to
assist Professor Sanborn in various schemes and in making numeraus
tests on trial devices.
A special form of water pitometer for measuring the flow
of water in pipes formed the subject of a thesis by H. H. Simmons,
but to take readings it was necessary to have water and mercury
columns, which could not easily be observed and moved about. There
fore, Professor Sanborn had in mind, in connection with our thesis
the development of some form, of gage that would m;easure directly
the difference of pressure of two Pi tot openings, one of which
opened up stream and one down stream. Such a gage, perfected and
correctly calibrated for a given pipe, woijld show the velocity and
quantity of discharge, and put the instrument In a form for comrcer
cial use. As is usually the case in experimental v/ork of this na-
ture, it was first necessary to devote a considerable time to
planning, designing, testing and calibrating various instruments.
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and then to testing some of the materials that were to be used in
conjtinction with the work.
PRELIMINARY WORK
The work was divided between two of us, one taking up the
design and the other the construction of the apparatus. Some of
the apparatus, for example, the long glass column gages, to b© used
in several theses, were designed and constructed principally by
Messrs Mo Cool and Stewart. The coluirna for these scales were 20
feet high and one quarter inch in diameter. A part of our work was
to test the glass tubing and to help put it in place. A colLunn of
mercury of this height gives a pressure of 120 pounds per square
inch. Pressure teste were made with a hand hydraulic pump upon the
glass tubing and it was found to Rtand 165 pounds per square inch.
The glass tubing came in sections six and one half feet long and
the next problem was to get a reliable connection in order to get
the desired length of 20 feet. A piece of ordinary rubber tubing
was shellaced on the end of the glass and then wired tightly. The
rubber tubing split under a pressure of 75 poiinds per square inch.
Heavy canvas-lined rubber tubing was next tried and this stood a
pressure of 150 pounds per square inch. It was evident that this
connection ¥/ould be suitable, and so, by having the same person do
all the wiring in the testing and in the construction of the appar-
atus, good and efficient Joints were secured.
After the mercury-pot and irerciiry and water columns were
fastened to the scales, a pipe system was planned. This pipe sys-
tem was to connect the pitometer tubes to the cercury and water
columns and also to the experimental gage. This latter was put in
a convenient place near the columns, as shown in the photograph.
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As explained below, the piping system had to serve several purpos-
es and it was somewhat complex. The drawing on page 5 shows the de-
tails. It was necessary to have some arrangement whereby for low
pressures the down stream tube could be connected to the water col-
umn and the up stream tube to the mercury colun-'n, or vice versa;
also for high pressures, to be able to connect one tube to the mer-
cury column and shut the other one off, and vice versa for the sec-
ond tube; and lastly to connect a piezometer tube in the nozzle
ring to either of the columjis. Drips were used to allow the remov-
al of air and to detect leakage in the valves. To prevent inaccur-
acy in the final results, leakage in all valves and connections
was carefully guarded against. All iron pipe connections were made
water-tight by the use of graphite.
The pitom.eter tubes were first placed in a 12-inch pipe,
which lead into a e-inch pipe. At the end of this 6-inch pipe was
a set of nozzles which discharged into a 12-inch iron elbow set in
a block of concrete to hold it stationary. It was found necessary
to design a shield to prevent the backflow from the elbow and a
general flood in the laboratory. This shield was made of galvanized
sheet iron, gage number 18, and a detailed sketch as shown in the
figure will explain its use. The entrance to the shiald has a
6
-inch projection inwards and this schea© for creating a auction
through the shield when the nozzle stream was in action, proved
very satisfactory. For use with the 4-inch nozzle, the shield had
to bo fitted with a sliding sleeve which could bo pulled out to
catch any of the particles of water flying from the stream. The
shield itself was made stationary in the ond of the 12-inoh elbow.

Sketch of F//p//7j J
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EXPERIMENTAL GAGE
While this apparatus was being constructed the design and
construction of the first experimental gage was under way. In the
beginning it was thought by Profesnor Ganborn that differences of
pressure might be measured by allowing the pressures of the Pi tot
Tubes to act upon the pistons of two ordinary steam indicators. A
pip© connection was made directly from the pitometer tubes to the
pistons of the indicators, and the pistons so placed that the pis-
ton rods acted directly against each other. The theory was, that
since one of the pressures would be greater than the other, the
higher pressure piston would overcome the lowere, and a horizontal
pressure would be produced. By means of a simple extensometer this
pressure could be measured, and a dial could be calibrated to give
the desired readings.
Four indicator pistons were tested under 50 pounds per
square inch water pressure. The pistons of the indicator under
steam, pressure expand somewhat due to the rise of temperature, and
when water pressure is applied no expansion results, and there is
more leakage. It was thought that a small leakage would not affect
the results greatly, especially if the leakage on both pistons was
alike, and we concluded that the pistons might be satisfactory in
that respect. Of the four pistons that were tested, one was found
to be entirely suitable. A second one was selected, but it requir-
ed a new piston head to make it efficient. These two indicator pis-
tons were next placed in a wooden frame as is shown in the sketch
on page 10.
The extensorreter that was used with the experimental gage
consists of a rack and pinion which rotates a needle simultaneously
with the movement of the rack. V/hen the pressure is removed from
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3kefch showing orroncjeimenf of
Wooden Frame for Inaicdtor Pi5fon5 and Exten^omettr
Sketch showing cross-aectior? of
Amea Exten5ometer
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the rack a spring brings the needle back to its initial poeition
on the dial. Before we could use the extensoFieter to measure the
difference of pressure on the pistons of the gage, it was necessary
to calibrate the spring. This was done by applying known weights
to the end of the rack rod and recording the reading on the dial.
Four sets of readings were taken and curves drawn for the same.
From these four curves a resultant curve was obtained, as is shown
on curve sheet No. I. This resultant curve was used as the calibra-
tion curve for the extensorieter. The extenaometer was then fastened
between the two indicators in the wooden frame with the ends of the
piston rods butting against the ends of the rack rod.
INITIAL TESTS
Great care was used in aligning the piston rods so as to
get a smooth motion back and forth without any binding. A velocity
was set up in the 12 -inch pipe, and by opening the valves the pres-
sures were admitted to the cylinders. Care was taken at all times
to open the drips and allow the air to get out. The first results
were opposite from what were expected, as the down stream side of
the apparatus apparently gave the highest pressure. This was evi-
dently due to the friction and binding of the pistons. Owing to the
constant presence of water due to the small leakage around the pis-
tons, the wooden frame became warped, thus throwing out the align-
ment of the piston rods. Considerable tine was taken up in the re-
adjustment of the aligrjnent in order to get consecutive readings
that would coincide. After many attempts we obtained readings that
indicated the higher pressure on the up stream side, and even suc-
ceeded in getting some readings that checked.
The next test was carried on with the pressure from the
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Data Sheet No. 1.
Readings taken in the calibration of the Ames Extensoraeter
which viUB used with the first testa on diaphragms.
plied weight Dial reading
in grama. Ames dial.
50 1.50
60 8.50
80 15.00
100 28.50
120 47.00 •
130 46.00
140 47.50
150 58.00
160 68.00
170 67.00
180 67.50
190 75.00
200 75 - 50
210 85.00
220 95.00
230 99.00
240 100.00
250 107.00
260 115.00

U- OF I. S. S. FORM 3
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two colLimns. Water from the standpipe was let into the columns un-
til the desired height was secured, then it was shut off leaving
the tv/o columns with the same pressure head. The mercury coliir^n
was connected with the up stream cylinder and the water column was
connected with the down stream cylinder. The height of the water
column was lowered gradually tintil there was a definite movement
recorded on the dial. It required at least 0.6 of one pound per
square inch difference between the heights of the columns before
there was any difference recorded on the dial. Several readings
above this were taken and the readings were plotted on curve sheet
No. II, on which the calibration curve of the extensometer is also
placed. By a study of the curve sheet it is seen that the curve
secured with the use of the pistons does not come reasonably close
to the calibration curve. The ordinates measured by the distance
between these two curves evidently indicates the amount of friction
in the pistons that had to be overcome.
A few days later this test was again made, but v/e could get
no readings which came reasonably close to the ones taken on the
previous day. It was the opinion of the writers that if this curve
could be relied upon, an allowance for the friction could be made
in our final calibration for the dial. Several more attempts were
made but no results could be secured that would corroborate our
assumption. It was then concluded that the first trouble of getting
readings opposite from, those desired was due to the binding of the
pistons, and that it was impracticable to obtain a smooth and al-
most frictionlese motion with the steam indicator piston apparatus
as we were using it. However, the writers believe that the theory
of the piston device might prove to be practicable and if more time
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could be given to the perfection of the design, the troubles which
arose might be eliminated and then satisfactory results obtained.
It seemed best to Professor Sanborn that the use of the piatone be
abandoned and a new device tried,
THE DIAPHRAGM THEORY
Along this line he had constructed for our tests a dia-
phragm apparatus. By thin apparatus, with the high pressure acting
against one side and the lower pressure against the other side, a
flexural motion of the diaphragm would result. The amount of this
motion will depend upon the difference in pressure and the elastic-
ity and corr^lgations of the diaphragm. The first form of diaphragm
used v/as a copper disk, two and one fourth inches in diameter with
three circular corrugations. It was set within a hollow circular
brass case, as shown in drawing on page 17. One end of the case
was threaded and screwed into the other part so that the edge of
the disk was held securely between two shoulders. The motion of the
central part of the disk was transferred by a lever, which was fit-
ted with a ball-bearing fulcrum, tc the rack rod of the extensome-
ter that was calibrated in the test with pistons. We had six dia-
phragms of various thicknesses and the above tests were made on
diaphragm No. 1, which was made of copper of gage No. 37. It was
found that this diaphragm was very sensitive and that it was use-
ful for differences of pressure up to about 0.7 of a pound per
square inch, but at this point the movement was limited by the
case. A curve was plotted of the results that we obtained, see
curve sheet No.iti. Repeated tests gave readings which were fairly
close but not close enough to be entirely satisfactory.
A new method for measuring the movement of the diaphragm

17.
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Data Sheet No. 2.
Readings taken In the test on Diaphragm No.l, which is
a copper, circular corrugated disk, two and one-fourth inch in
diameter. A ball-hearing lever arm and an Ames extensometer were
used to measure the movement of the diaphragm..
Difference of
pressure.
Pounds per
square inch.
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
Divisions on dial
of
Ames indicator.
1
2
6
12
20
22
29
32
34
42
46
50
58
60

U. or 1, S. S. FORM -i
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was tried. In place of the lever and extensometer that were used
in the preceeding test, a piston was fastened perpendicularly to
the center of the diaphragm and its motion was transferred to a
pressiJire gage mechajniBm; thus a movement of the diaphra-gm could be
observed by the travel of the hand in the same way as an ordinary
gage would be observed. The piston, that prevented the water escap-
ing from the case and served to transmit the motion to the mechan-
ism, was made of steel, one-eighth inch in diameter and carefully
machined, and it corresponded closely with the form of piston that
is used in hydraulic indicators. Also, as in such indicators, the
sleeve to receive the piston was made of brass and carefully ream-
ed so as to caused very little friction. The amount of this fric-
tion can be judged from the subsequent curves by the pressure re-
quired to cause an initial reading and by the sensitiveness of the
teste. See sketch of piston arrangement on page 21.
The next tests were made with diaphragm No. 3, gage No. 36.
This diaphragm was stiffer, making it less sensitive to small diff-
erences of pressure, but we could test with greater differences of
pressure than v/e could with the previous diaphragm* A curve was
plotted of the results that we obtained with the above diaphragm
and mechanism. It shows this diaphragm to have a much greater move-
ment between 2 and 3 pounds per square inch difference of pressure
than at others, and it should be noted that this characteristic in
the curve is noticeable throughout the succeeding diaphragm tests.
The question arose as to the cause of this characteristic and it
was thought that possibly the elastic limit of the metal was reach-
ed at this point. However, this question was left open for subse-
quent attention.

^^^^^^^
^Dkcfch of Phton /Irrongement
u^ed with inch diophraqm
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Data Sheet No. 3.
Readings taken in teste on D^^ aphragm No. 3 , which is a
circular. corrugated copper disk, two and one-fourth inches in
diameter. A perpendicular piston and pressure gage mechanism were
used to measure the movement.
Mercury column. Difference of G-aer©
Pounds per pressure.
square inch. o r> t "v V* *i 4 mi^*H Lbs. per Sq. In.
7.98 0.00
7.39 ( .yo 0.59 eo
7.05 T OCf • yo 0.93 10
6.54 1.43
6.35
z' .y / 1.62 25
6.00 1 .yfc5 1.96 yl C40
5.70 ( .yc 2.25 80
5.57 f * y* 2.37 yu
5.48
. yo 2.45 lUU
5.20 2.72 1 in
5.10 7.92 2.82 l^o
5.00 7.91 2.91 150
4.81 7.91 3.10 160
4.40 7 on 3.50 173
4.05 7.89 3.84 XbO
3.45 7.88 4.43 200
0.00 7,86 7.86 265

U- or I. S. S. FOHM 3

Diaphragm No. 4 was next put into the case and a pair of
steel rings were used to hold the diaphragm in place and also for
the purpose of allowing a greater movement of the diaphragm.
Attempts 7;ere made to carry out a complete test but for some reas-
ons the presGure columns could not be kept stationary long enough
to finish the test. This was probably due to some leaicage aroujid
the diaphragm. The one set of readings that were obtained were
used to make the curve as shown on curve sheet No. V.
The remaining two and one-quarter inch diaphragms were not
tested as Professor Sanborn decided to try a larger diaphragm, so
as to obtain a larger range in difference of pressure and make the
instrument more sensitive. A special cast iron case was obtained
that would take six-inch diaphragm. This gave a total pressure area
of 28,3 square inches while the two and one-fourth inch diaphragm
had given a total area of only 4,0 square inches. Thus it will be
seen that a given difference of pressure would cause a greater
total pressure on the larger diaphragm and a greater movement of
its center would result.
The first diaphragm tried with this new case was made of
soft rubber and was of a form that is used for regulators in heat-
ing apparatus. The sketch on page 27 shows the general shape and
the method of making connections in the case. We succeeded in get-
ting only one set of results that were in any way satisfactory,
eft first"
although the rubber diaphragm ^seemed very promising. The results
of this test are plotted on curve sheet No. vi. It can be seen
from this curve sheet that no movement was transferred to the dial
until we had a pressure of 0.3 of a pound per square inch. The
cause for our not being able to get any readings lower than this

Data Sheet No. 4.
Readings taken in tests on Diaphragm No. 4, which is a
circular, corrugated copper disk, two and one-fourth inches in
diameter. A perpendicular piston and pressure gage mechanism used.
Mercury column. Water column. Difference of Gage
Pounds per Pounds per pressure. Reading.
square inch. square inch. Lbs. per Sq. In.
8.28 P. 28 0.00
8.26 7.68 0.58 10
8.24 7.40 0.84 15
8.21 7.14 1.07 20
8.20 6.92 1.28 25
8.15 6 ^4- 1.71 50
8.13 6,15 2.02 75
8.10 5.80 2.30 90
8.08 5.32 2.76 100
8.06 4.85 3.21 110
8.04 3,85 4.19 125
8.02 3.50 4.52 130
7.99 £.70 5.29 140
7.98 1.74 6.24 150
7.93 0.00 7.93 170
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Data Shaet No. 5,
Readings taken from test on a soft rubber diaphragm. The
diaphragm was saucer shaped and six inches in diameter, The move-
ment was registered on a dial which was divided into degrees.
>nce of pressure. Dial readings
! per square inch. in degrees.
0.33 7
0.34 11
0.38 14
0.39 17
0.42 20
0.46 24
0.48 26
0.50 33
0.55 38
u . ou 4t)
0.67 55
0.69 61
0.70 65
0.73 73
0.76 82
0.83 93
1.02 179

U. OF I. S. S. FORM 3
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was laid to the groat flexibility of the rubber. As Indicator
spring acted lightly against the central portion of the diaphragm,
but the pressure of the water was probably taken up by the elas-
ticity of the rubber rather than by the spring. From the test on
this rubber diaphragm v/e decided that a stiffer material was de-
sirable, and so a diaphragm of tin of gage No. 32 with a flat sur-
face and no corrugations, was next tried. The table of data on
page 31 and curve sheet No. VTI on page 32 shows the results of
this test. It is seen that this curve has the same characteristic
that existed in all our diaphragm tests. At first this test seem-
ed to be coming out with very good results, but the apparatus got
put of order anrj upon taking out the diaphragm it was found that
the center part of the diaphragm where the connection to the pis-
ton was made, had become broken. This connection had been made by
placing a brass washer on each side of the diaphragm and fastening
with a nut. The metal around the edges of these washers was not
strong enough to stand the pressure brought upon it, and it shear-
ed off.
Diaphragm No. 9 was of the same shape and size as No. 8,
except that it was of lighter material; this was for the purpose
of getting more delicate readings. This time rubber gaskets were
placed between the washers and the diaphragm at the rod connect-
ions- The data obtained from the test of diaphragm No. 9 is given
in a table on page 33, and the curve on curve sheet No.VII^ plot-
ted from this data indicates practically the sam.e results as those
of diaphragm No. 8. Professor Sanborn was not entirely satisfied
with the action of the tin diaphragm and he next procured a bronze
diaphragm with circular corrugations. It was made of No. 30 gage
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Data Sheet No. 6
.
Data taken from tests on Diaphragm No. 8, which was a tin
diaphragm six inches in diameter. Its surface was flat and was
without corrugations. Made of 32 eapre tin.
Mercury column Water column. Difference of Gage
Pounds per Pounds per Pressure. Reading.
square inch. square inch. Lbs. per Sq. In. Degrees,
7.90 7.90 0.00 1
7.89 7.77 0,12 4
7.88 7.50 0.38 33
7.86 7.37 0.49 43
7.85 7.28 0.57 62
7.84 7.15 0.69 88
7.82 7.03 0.79 100
7.80 6.99 0.81 108
7.79 6.83 0.96 137
7.78 6.55 1.23 162
7.76 6.31 1.45 190
7.75 5.35 2.40 255

U. Cr 1. S. S. FOHM 3
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Data Sheet No. 7.
Data taken from tests on Diaphragm No. 9, which was a tin
diaphragm aix inches in diameter, and of No. 34gage.
Mercury colTimn. Water column. Difference of Gage
Pounds per Pounda per pressure. Readin
aquare inch
.
square inch. Lbs. per Sq. In. Degree
6.00 6.00 0.00 1
5.95 5.82 0.13 5
5.35 5.51 0.34 34
5.79 5.38 0.41 36
5.70 5.22 0.40 53
5,68 5.17 0.51 58
5.62 5.07 0.55 67
5.40 4.70 0.70 113
5.37 .75
5.33 4.53 0.80 122
5.28 4.42 0.86 135
5.22 4.29 0.93 145
5.20 4.22 0.98 151
5.13 4.07 1.14 165
4.91 3.33 1.53 226
4.63 2.19 2.44 292

^ 5heet tiunBER~M
dhowinQ
BCJLON OF P/RFtfRflOM No. 2^
Material - Tin /Y.GJ3'}Om
i
- :
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special bronze and was carefiilly corrugated, or "spun" as the man-
ufacturers call it, by the Powers Regulator Company of Chicago.
Instead of fastening the piston to the diaphragm by making a hole
in it and using washers and nut, as had been done previously, it
was decided in thia case to allow the end of the piston to rest
directly on the diaphragm. Therefore, there being no connection
through the center of the diaphragm, any possible leakage from
that cause would be stopped and, furthermore, any tendency for the
piston to be forced out of alignment by a rigid fastening as form-
erly, would be obviated.
With this diaphragm, as with the others, the data in the
tables was taken with only the pressure columns working and not
with the difference of pressure obtained by using the two Pi tot
Tube openings. The mercury coluinn was used for the higher pressure
and the water column for the lower. A stiffer spring for the dia-
phragm to act against was put in, and by the adjusting screw on
the piston, as much tension could be put on the spring as was
thought necessary. A 20 -poimd spring was used in connection with
this diaphragm. After several trials, the tension which was needed
to bring the pointer just back to zero was found, and a test was
carried on with it adjusted that way. The greatest difference of
pressure used was 3.7 pounds per square inch, and this caused a
deflection of the needle of 242 degrees. Then the pressure on the
two Bides of the diaphragm was allowed to equalize and the pointer
came rather slowly back to zero. Thia latter fact was a very im-
portant point that we had been unable to accomplish in the teste
of any of the previous diaphragms. Four trials were made under
these conditions, 8.nd the accompanying tables and curve sheet No9.
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Data Sheet No. 8.
Data taken in four trial testa on the
bi'onz9 diaphragm.
Mercury column. Water coluinn. Difference of
Pounds per Pounds per pressure.
square inch. aquare inch. Lbe, per Sq. In.
Trial Nq» 1.
6.08 6.60 0.08
8. GO 6.30 0.30
6.51 5.90 0.61
6.46 5.70 0.77
6.41 5.50 0.91
6.35 5.20 1.15
6.23 4.70 1.53
5.97 3.45 2.59
5.78 2.08 3.70
Trial No. 2.
7.76 7.72 0.04
7.69 7.47 0,29
7.65 7.27 0.38
7.58 7.00 0.58
7.55 6,90 0.65
7.51 6.70 0.81
7.44 6.37 1.07
7.34 6.12 1.22
6.94 3.25 3.69
circular
,
corragate
Dial
Reading
Degrees.
3
18
40
50
60
75
108
185
242
2
17
33
43
51
63
84
116
275

Mercury column.
Pounds per
Square inch.
Trial No, 3.
7.03
6.82
6.80
6.76
6.73
6.69
6.62
6.57
6.51
6.44
6.36
Trial No. 4.
7.80
7.69
7.59
7.52
7,46
7.33
7.32
7.26
7.16
Data Sheot No. 8, (Continued).
Water column. Difference of Dial
Pounds par presaure. Reading
Square inch. Lbs. per Sq. In. Degrees,
6.75
6.00
5.87
5,72
5.57
5.32
5.02
4.72
4.42
3.92
3.31
7.57
7.17
6.82
6.47
6.17
5.72
5.22
4.92
4.05
0.28
0.82
0.93
1.04
1,16
1.37
1.60
1.85
2.09
2.52
3.05
0.23
0.52
0.77
1.04
1.29
1.66
2.10
2.34
3.11
30
90
104
115
125
139
159
180
193
227
256
30
60
90
115
136
166
196
211
255
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show the results. It is seen, that while all four of the curves
are very similar and have a tendency toward the curves for the
previous diaphragms, the last two curves in this test give a much
greater deflection of the needle than the first two. This differ-
ence was thought to be due to fatigue of the material in the dia-
phragm, but Professor Sanborn afterwards concluded, as a result of
teste, that it was due to misleading effects of air presBures in
the pipes and apparatus.
On the next day a similar test was made upon the bronze
diaphragm except that more tension was put upon the spring, so that
the needle would come back to zero much more quickly. It was
thought that this increased tension would enable the spring to
take care of a larger part of the pressiare than before and thus
relieve the stress on the diaphragm. Five trials were made this
time and the tables and curve sheet No.X show the results. It is
seen that the curves come closer together, in fact, they are near
enough to enable us to draw a general curve to represent the action
of the gage. It is not thought that within a reasonable range the
extra tension on the spring would make any difference in tlie curve
other than to bring the readings nearer to this general curve.
The results of this test seemed to be very close to what
we had been seeking for. The apparatus was v/orking nicely, and no
difficulty was experienced in getting readings to check with the
general curve upon making several check tests. The next thing to
do was to try the instrument thus rigged iip with the difference of
pressure obtained by the two Pitot Tube openings in the 6-inch
pipe. If readings on the gage thus obtained would check with the
general curve of the last test, we had practically fulfilled the
_==_______^=,^

Data Sheet No, 9.
Data taken from testa on the circular, corrugated bronze
diaphragm. This data was taken in the same rnarmor a that for
data sheet No. 8, but an escceas tension was put upon the spring.
Mercury oolurnn. Water column. Difference of Dial
Pounds por Pounds per pressure. Reading
square inch. square inch. Lbs. per Sq. In. Degrees.
Trial No. 1.
7.09
7,05
7.03
7.02
8.98
6.83
6.73
6.51
Trial No. 2.
7.12
7.11
7.08
7.05
6.99
6.90
6.82
6.76
6.53
7.09
6.99
6.85
6.75
6.07
5.67
5.17
3.87
7.12
7.04
6.88
6.73
6.42
5.97
5.62
5.27
3.92
0.00
0.06
0.18
0.27
0.85
1.16
1.56
2.64
0.00
0.07
0.20
0.32
0.57
0.93
1.20
1.49
2.61
0.5
. 6
11
48
74
103
173
0.0
0.5
8
15
29
59
31
101
174
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Data Sheet Ko. 9, (Continued).
Mercury column. Water ooluTan. Difference of Dial
Pounds por Pounds per pressure. Reading.
square inch. square inch. Lh3. per Sq. In. Degrees.
Trial No, 3.
7.55 7,50 0.05 0.5
7.51 7.28 0.23 9
7.40 6.78 0.62 43
7.30 6.28 1.02 74
7.80 5.78 1.42 104
7.01 4.37 2.64 174
Trial No. 4.
7.19 7.19 0,00
7.00 6.38 0.62 50
6. 85 5.57 1.28 99
3.67 4.38 2.29 158
Trial No. 5_.
7.68 7.68 0.00
7.66 7.61 0.05 1
7.61 7.38 0.23 13
7,37 6.25 1.12 82
7.27 5.68 1.59 114
7.13 4.73 2.40 132
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primary object of this thesis.
The six-inch pipe was made to discharge through a four-
inch nozzle. This nozzle was fitted with a piezometer ring. In the
thesis work carried on by H. H. SirnmonB, this nozzle had been cal-
ibrated, so that for any piezometer reading on the nozzle the vel-
ocity and quantity of discharge could be read directly from a
chart, as well as the simultaneous differences of pressure on the
Pi tot Tube openings inserted in the pipe.
The first of these final tests was made with a very small
tension on the spring; namely, that which would cause the needle
to move over an arc of 20 degrees, v;ith this tension on, the needle
was set to read zero. Then the water was started from the four-inch
nozzle, and as soon as the pipe was flowing full, a deflection of
the needle was seen. Piezometer readings on the nozzle were taken
and the corresponding differences of pressure on the Pi tot Tub©
openings were taken fron Simmons' chart. With these differences of
pressure the correct readings for our gage were taken from the gen-
eral curve of our last test. This correct reading as well as the
actual reading on the gage was placed in a table for comparison,
and it is seen that they do compare fairly favorable. See table
of readings on page 44,
In the next test the spring was used to turn the needle
through 35 degrees, thus putting more tension on the spring when
the needle is set at zero. In the last two of the final tests the
spring was used to tur-n the needle through 72 degrees and 90 de-
grees
. The tables on page 44 show the results of these testa. The
differences between the correct gage readings and the actual gage
readings in the last three tables do not vary much from the differ-
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Data Sheet No. 10.
The following tables ahow the readinga taken with the
bronze diaphragm, with the four-inch nozzle running, and with dif-
ferent degrees of tension upon the apring.
Piezometer Difference of Correct Actual
Reading. presaare. Gage reading. Gage reading.
Lbs per Sq. In, Lbs. per Sq. In. Degrees. Degrees.
Needle turned throiigh 20 de^z;reea by initial tenaion.
3-10 1.00 7P
6 .00 1.84 JUiJiJ
8,38
9-00 8.88 1 97
Needle turned throu.aih 35 de^reea initial tension.
3.10 1.00 72 72
6.00 1.84 134 134
7 .50 2.38 160 162
9 .00 2.88 190 192
Needle turned through 78 deg:ree3 by initial tenaion.
3.10 1.00 72 78
6.00 1,84 134 136
7.50 2.38 160 162
9.00 8.88 190 193
Needle turned through 90 degrees by ini tial tension.
3.10 1.00 78 72
5.00 1.68 115 113
7.00 2.25 157 154
9.00 2.88 190 187
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encee in the first of the final tests. It is thought by the writ-
ers of this thesie that in the final perfection of this gage that
a certain tension for the spring could be found, with which the
gage would work best and give the best results,
CONCLUSION
From the results of a large number of experimental tests
with various designs, it appears to us that the recording device
as finally developed will prove to be suitable for indicating the
flow in pipes. This development has been advanced from the steam
piston idea in the beginning, to the use of a small diaphragm, and
finally
, to the use of a larger diaphragm. A large nunber of tests
were made in connection with the piston idea and such a degree of
success was attained that possibilities of further perfection pre-
sented themselves. However, according to our methods of experiment-
ing the device was not a complete ouccess. The theory seemed sound
and unfaulty, and we believe that if the mechanical end would be
well treated, an experimental design could be perfected. Although
in a commercial fonri, it would probably be difficult to secure a
device that would be free from friction and also one that would
stay in adjustment and withstand a certain degree of rough usage.
From the tests on several small diaphragms, it was indicat-
ed that differences of pressure could be measured in that way. The
diaphragms were fairly sensitive to small differences of pressure
but their small size llm.lted the movement of the piston, so that
it would be necessary to multiply the movement eight or ten times,
in order to record it conveniently. Therefore, the six-inch dia-
phragms were tried, and these gave some satisfactory results, as
indicated above. As to the moat suitable material of which to
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make these diaphragme, it was found as result of various tests
that the bronze diaphragms surpassed the copper, tin, and rubber.
Besides being sensitive to small differences of pressure, even
down to about 0.05 of one pound per square inch, it was also suit-
able for differences of pressure up to about 6.00 pounds per
square inch, and had the desired elasticity. These facts showed
that the assumption in favor of the larger diaphragm wa right. We
cannot say that a six-inch diaphragm is better than one five inch-
es or seven inches in diameter, but we consider it to be better
than one two and one-fourth inches in diameter.
It was necessary to have a spring with some initial ten-
sion acting against the diaphragm. It was next to be decided, just
what this initial tension should be to give a uniform effect upon
the readings throughout the range of the gage. We have made attempt
to decide this by making tests with various degrees of tension
upon the spring. Enough tension was put upon the spring to secure
good zero readings, and several tests were made with this as a
minimun tension and with other higher tensions. The results of
these tests show that variations of tension in the spring do not
affect the readings much, but that the best results were obtained
with the tension which would bring the hand back through an arc
of 70 degrees at zero pressure.
As a final test with this experimental gage by us, the
differences of pressure were measured, and the corresponding dis-
charge from the six-inch pipe was taken from Simmons' chart. Sim-
ultaneous readings were taken on the piezometer ring and the cor-
responding discharge as given by Simmons checked with the quantity
given by our data. That these results check, indicates that the
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primary object of this theais is accomplished, namely, to design
and construct a device which would register the differenceB of
pressure on two Pi tot Tube openings, without the use of the long
water or mercury coliiinns.

48.
APPLICATION OF DSVIClS FOR INDICATING SPEED OF BOATS.
Profosaor Sanborn suggeatQd that a aecond usaful applica-
tion could be made with the same apparatus for measuring the apeod
of boats. By placing one Pitot Tube through the bottom of a boat,
or even over the aide, a certain prssure would result when the
boat was in motion. The water pressure caused by this motion of
the boat would act on one aide of the diaphragm, and the atmospher-
ic pressure on the other. By the use of a suitable indicator spring
for example a 100-pound spring, the greater difference of pressure,
as compared to that with the flow in pipes, could be registered on
the dial the same as before.
A table was first made out showing the theoretical pressure
for speeds varying from 5 to 20 miles per hour. These values were
found by solving for "h" in the formula, v=V2gh, 8uid then reducing
"h" to pressure in pounds per square inch. This table ia shown on
page 49. Prom the table the values for "p" for 5 and 20 miles per
hour are 0.36 and 5.80 pounds per square inch respectively. Tests
were made in the laboratory with one Pitot Tube acting up stream.
A circular papar dial divided into 360 degrees was used for the
first experimental dial. The pressure for one mile per hour was
run up on the water column, and a line drawn directly underneath
the gage hand on the dial. This was repeated for pressures up to
22 miles per hour. This showed ua that we had a recording device
which would read accurately up to a pressure of 6.0 pounds per
square inch. Although non-uniformity existed. It was good enough
for actual testa on a motor-boat. Professor Sanborn made arrange-
ments for such a test on the faat, 20 mile per hour, motor-boat,
called the Meteor, owned by Walter B, Wilde of Peoria, Illinois.

49.
Data Sheet No. 11.
Table showing the theoretical pressure for speeds varying
from 5 to 20 miles per hour.
.oci ty
.
Velocity. Pressure "h". Pressure
lea per feet per Feet of Pounds
hour
.
second. water. square
5 7,33 0.835 0.362
6 8.80 1.202 0.522
7 10.26 1,640 0.710
8 11,73 2.139 0.928
9 13.19 2.700 1.170
10 14.67 3.340 1.450
XI 16.13 4.060 1,760
12 17.60 4.820 2,090
13 19.07 5,650 2,450
14 20.53 6,560 2.840
15 22.00 7,520 3.260
16 23.46 8.540 3.700
17 24.93 9.660 4.180
18 26.40 10,820 4.700
19 27,87 12.090 5.240
20 29.33 13.360 5.800
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To render the apparatus suitable for tranaportation and for use in
theaa teats, it was boxed as shoTO by the photograph on page 4.
Before put into actual use, Profeaaor Sanborn made a teat with the
Pi tot Tube inserted in a nozale stream and construoted a new dial
whioh would represent the conditions of the apparatus as it was
when ready for experiments at Peoria,
The tests were made by Professor Sanborn and Mr. Wildo
over a one-mile course, and by the use of two stop watches, the
actual speed in miles per hour was obtained. The speed as recorded
on the dial was taken, and an allowance of five inches, or 0.4 of
aboue
one foot, the distance of the diaphragm b olow the water level was
made. These results as calculated by Professor Sanborn and checked
by the writers are given in table No. 11 given on page 49. The read-
ings were taken going up stream and down stream, and on two differ-
ent days. The coefficient of velocity checked very closely, and
the difference of the coefficients between up stream and down
stream checked exactly. The average of the coefficients of velocity
up stream was o«85, and those for down stream was 0.83, making the
average coefficient 0.84. The difference between the average coeff-
icient and the coefficient up stream multiplied by the actual speed
of the boat will give the velocity of the river. This value is
about 0.15 miles per hour, or 0.22 feet per second, whioh agrees
with statements made by Peoria river-men. A table of these tests
made at Peoria is shown on page 51.
With the apparatus back again in the laboratory. Professor
Sanborn made check tests to show that the instrument had not been
thrown out of adjustment by transportation. These tests checked
exactly with the ones made prior to the trip. Further tests were

Data Sheet No. 12.
Data taken from test made with boatometor at Peoria, Ill-
inois, May 15-16, 1909, on the motor boat, called the Metior,
owned by Walter B. Wilde.
Obsei*ved Corrected Observed Ac tual Up or Coefficient
speed. speed. time for speed. down of
Mi./ hr. Mi./hr. one mile. Mi./hr. stream. veloci ty.
1S*75 13.25 3 m 52 s 15.50 up 0.36
12.00 12.50 4 1 15.00 down 0.83
14.50 14.90 3 22 17.80 up 0.84
12.30 13.30 3 41 16.20 down 0.92
13.50 13.95 3 37 16.20 up 0.86
11.75 12.50 3 58 15.10 down 0.83
14.85 15.30 3 20 18.00 up 0.85
14. ao 15.25 3 15 18.46 down 0.83
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made to find what initial tension of the spring would be best suit-
able. Four tests of readings were taken and a comparison of the
curves, shown on page 54 , can be made. The desired curves should
correspond to No. 2 up to a pressure of three pounds per square
inch, and approach curve No. 4 for higher pressures. This in our
estimation would be an initial tension of about 70 degrees.
CONCLUSION
This shows one good application of the instrument. By using
an initial tension of 70 degrees, and graduating a dial into div-
isions representing tenths of a mile per hour, and embodying a
coefficient of 0.84, a dial can be obtained which will give direct
readings, as shown by a plate on page 55.
The tests in the field and the laboratory tests, having
proven the device to be promising, it now remains to develop minor
details, and to improve the features of construction, and make it
attractive for commercial purposes as a BOATOMSTER.
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